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(54) LOW TEMPERATURE REFRIGERATING DEVICE HAVING SMALL REFRIGERATING 
CAPACITY CHANGE 



(57) A cryogenic refrigerating device that can mini- 
mize the range in which the refrigerating capability 
changes relative to a wide range of change in outside 
tenperature and perform a stable refrigerating opera- 
tion. This cryogenic refrigerating device comprises a 
compressor unit (101) provided outside a room and 
having a compressor (11) and a first air-cooled heat 
exchanger (12), an intermediate unit (103) provided 
inside the room and having a second air-cooled heat 
^changer (31) for cooling gas from the compressor 
(11) through heat exchange with inside air and a cryo- 
genic expansion machine (5). A fan (33) is additionally 
provided on the second air-cooled heat exchanger (31) 
of the intermediate unit (103). and a controller (6) is pro- 
vided that has an intermediate unit air volume control 
portion (6a) for controlling the air volume of the fan (33) 
toward an increase side under a condition where the 
temperature of gas supplied to the cryogenic expansion 
machine (5) is, due to temperature rise, higher than that 
where the refrigerating capacity starts to decrease, 
while controlling the air volume of the fan (33) toward a 
decrease side under a condition where the temperature 
of gas supplied to the cryogenic expansion machine (5) 
is, due to temperature rise, lower than that where the 
refrigerating capacity starts to decrease. 
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Description 
TECHNICAL FIELD 

The present invention relates to a cryogenic refrig- 
erating apparatus, and in particular, to a cryogenic 
refrigerating apparatus constructed of a compressor 
unit provided with a compressor and a first air-cooling 
heat exchanger provided In communication with dis- 
charge side piping of the compressor, an intermediate 
unit provided with gas supply piping connected to the 
discharge side piping of the compressor and a second 
air-K^ooling heat exchanger which is provided in commu- 
nication with the gas supply piping and cools a gas 
through heat exchange with air inside a room and a cry- 
ogenic expander connected to the gas supply piping, 
the compressor unit being able to be Installed outside 
the room and the intermediate unit being able to be 
installed inside the room, whereby helium gas dis- 
charged from the compressor is cooled by the first and 
second air-cooling heat exchangers and supplied to the 
cryogenic expander. 

BACKGROUND AFTT 

Conventionally, Ibr the purpose of preventing the 
occurrence of operating noises of a compressor inside a 
room, a compressor unit has been provided outside the 
room and helium gas discharged from the compressor 
has been air-cooled by an air-cooling heat exchanger. 
However, since the cooling by the air-cooling heat 
exchanger installed outside the room is air-cooling, the 
helium gas cannot be cooled to a temperature lower 
than the air temperature by this air-cooling heat 
exchanger. Therefore, when the outdoor temperature is 
high in summer or in a similar case, the temperature of 
the helium gas supplied to the cryogenic expander is 
hard to be maintained at a temperature not higher than 
a temperature (SS'^C. for example) at which the insulat- 
ing property of a motor is assured. 

In view of the above, there is proposed a cryogenic 
refrigerating apparatus (Japanese Patent Laid-Open 
Publication No. HEI 6-249148) which can cool the 
helium gas to a lower temperature through two-stage 
cooling by installing a compressor unit provided with a 
compressor and a first air-cooling heat exchanger out- 
side a room and installing an Intermediate unit provided 
with a second air-cooling heat exchanger inside the 
room. 

In this cryogenic refrigerating apparatus which per- 
forms the two-stage cooling, as shown in Fig. 7, a com- 
pressor unit 1 is constructed of a helium gas 
compressor 11. a first air-cooling heat exchanger 12 
comprised of. for example, a cross fin coil provided in 
communication with discharge side piping 21 of this 
compressor 1 1 and an oil s^arator 13 provided in com- 
munication with the discharge side piping 21 on the out- 
let side of this first air-cooling heat exchanger 12. while 



an intermediate unit 3 provided with a second air-cool- ' 
ing heat exchanger 31 comprised of, for example, a 
aoss fin coil is provided separately from this compres- 
sor unit 1 . the compressor unit 1 being installed outside 
5 a room and the intermediate unit 3 being installed inside 
the room. 

An end portion which belongs to the discharge side 
piping 21 connected to the discharge side of the com- 
pressor 1 1 is connected to gas supply piping 41 of the 

10 intermediate unit 3. while an end portion which belongs 
to an intake side piping 22 connected to the intake side 
of the compressor 11 is connected to gas return piping 
42 of the intermediate unit 3. 

The gas supply piping 41 of the intermediate unit 3 

15 is connected to a high-pressure side communication 
piping 51 communicated with a cryogenic expander 5. 
while the gas return piping 42 of the intermediate unit 3 
is connected to a low-pressure side communication pip- 
ing 52 communicated with the cryogenic expander 5. 

so Further, the second alr<cooling heat exchanger 31 
is connected to the gas supply piping 41, an adsorber 
32 is provided In communication with the outlet side of 
the second air-cooling heat exchanger 31 and the sec- 
ond air-cooling heat exchanger 31 is provided with a fan 

25 33. 

It is to be noted that oil collected in a bottom portion 
of the oil separator 13 Is injected into a compression 
element of the compressor 1 1 via oil injection piping 23 
and oil collected to a height higher than a specified oil 

30 surface height inside the oil separator 13 is returned 
from the intake side piping 22 into the compressor 1 1 
via an oil return piping 24. On the other hand, oil col- 
lected in a bottom portion inside the compressor 1 1 is 
cooled in the first air-cooling heat exchanger 12 via an 

35 oil cooling piping 25 and thereafter returned from the 
intake side piping 22 Into the compressor 1 1 . 

Then, in the first air-cooling heat exchanger 12 of 
the compressor unit 1 installed outside the room, by 
making compressed high-temperature helium gas to 

40 exchange heal with the outdoor air to firstly cool it by the 
outdoor air for the achievement of the greater part of the 
heat radiation of the helium gas outside the room arxi 
further cooling the helium gas by the secorxJ air-cooling 
heat exchanger 31 of the intermediate unit 3 installed 

45 Inside the room, the compressed helium gas is cooled In 
two steps by the outdoor air and the indoor air. This 
arrangement has ailowed the helium gas to be cooled to 
a temperature not higher than a specified temperature 
(SS'^C. for example) even when the outdoor temperature 

50 Is high and prevented the operating noises Inside the 
room with the compressor unit 1 Installed outside the 
room. 

In the cryogenic refrigerating apparatus con- 
structed as above, the helium gas, of which cooling has 
55 been insufficient in the compressor unit 1. can be 
cooled in the intermediate unit 3. However, in regard to 
the cooling in the intermediate unit 3, constant cooling is 
consistently performed no matter whether the cooling 
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capacity of the first air-cooling heat exchanger 1 2 of the 
compressor unit 1 depending on the outside air tenper- 
ature is great or small, i.e., a fan 33 for cooling the sec- 
ond air-cooling heat exchanger 31 is driven to rotate 
consistently at a constant rotating speed so as to make 
the air flow constant. Therefore, when the outdoor tem- 
perature is low in winter, constant cooling is performed 
by the second air-cooling heat exchanger 31 regardless 
of the load from outside the room in spite of the fact that 
sufficient cooling has been performed in the first air- 
cooling heat exchanger 12. and this has resulted in 
excessive cooling and a significant change in refrigerat- 
ing capacity, causing a disadvantage that a stable refrig- 
erating operation can still not be performed. 

Furthermore, although not shown in Fig. 7, the first 
air-cooling heat exchanger 12 of the compressor unit 1 
is normally provided with an outdoor fan for cooling. 
When starting the refrigerating apparatus in a case 
where the outdoor temperature is extremely low in win- 
ter, the viscosity of the oil (mainly ether-based oil) inside 
the units 1 and 3 is very high. Therefore, when exces- 
sive cooling is performed by the operation of the outdoor 
fan at the first air-cooling heat exchanger 12. the viscos- 
ity of the oil does not reduce, and this has tended to 
cause a disadvantage that the units 1 and 3 do not cor- 
rectly operate. 

The present invention is intended to solve the afore- 
mentioned problems, and its principal object is to pro- 
vide a cryogenic refrigerating apparatus capable of 
reducing the change in refrigerating capacity as far as 
possible with respect to a wide range of change in out- 
door temperature and performing a statue refrigerating 
operation. 

Another object is to allow the units to regularly oper- 
ate by speedily reducing the viscosity of the oil even 
when the outdoor temperature becomes very low in win- 
ter. 

DISCLOSURE OF THE INVENTION 

A cryogenic refrigerating apparatus of the present 
invention comprises: a compressor unit which is 
installed outside a room and has a compressor and a 
first air-cooling heat exchanger provided in communica- 
tion with a discharge side piping of the compressor; an 
intermediate unit which is installed inside the room and 
has a gas supply piping connected to the discharge side 
piping of the compressor and a second air-cooling heat 
exchanger which is provided in communication with the 
gas supply piping and cools helium gas through heat 
exchange with indoor air; and a cryogenic expander 
connected to the gas supply piping; and characterized 
by comprising: 

a fan for cooling the second air-cooling heat 
exchanger of the intermediate unit; and 
a controller having an intermediate unit €ur flow con- 
trol section which controls air flow of the fan to an 



increasing side under a condition that a tempera- 
ture of gas supplied to the cryogenic expander is 
not lower than a tenperature at which a refrigerat- 
ing capacity starts to reduce due to a temperature 

5 rise and controls the air flow of the fan to a decreas- 
ing side under a condition that the temperature of 
the gas supplied to the cryogenic expander is lower 
than the temperature at which the refrigerating 
capacity starts to reduce due lo the temperature 

10 rise. 

With this arrangement, the air flow of the fan in the 
intermediate unit is increased to improve the cooling 
capacity of the second air-cooling heat exchanger when 

IS the outdoor temperature is high and the temperature of 
the gas supplied to the cryogenic expander increases to 
a temperature at which the refrigerating capacity starts 
to reduce. When the refrigerating capacity is stable, the 
air flow of the fan is suppressed to prevent occurrence 

20 of supercooling in the intermediate unit. 

Therefore, when the outdoor temperature is high to 
cause a reduction in the refrigerating capacity, the air 
flow of the fan of the intermediate unit is increased to 
improve the cooling capacity, so that the reduction in the 

25 refrigerating capacity can be prevented. When the cool- 
ing capacity is stable, the air flow of the fan is not 
increased, so that supercooling in the intermediate unit 
can be prevented. Therefore, the cooling in the interme- 
diate unit can be effectively performed in accordance 

30 with the cooling capacity of the compressor unit 
depending on the outdoor temperature, and the fluctua- 
tion range of the refrigerating capacity can be reduced 
as far as possible with respect to a wide range of 
change in outdoor temperature, thereby allowing a sta- 

35 ble refrigerating operation to be performed. 

Furthermore, the tan of the intermediate unit can be 
stopped when sufficient cooling can be executed in the 
conrpressor unit. Therefore, unnecessary operation can 
be eliminated, so that operating life of the fan can be 

40 increased further tfian in the conventional case, thereby 
allowing a maintenance frequency to be reduced. 

In one embodiment, an outdoor temperature sensor 
is provided outside the room and the controller controls 
the air flow of the fan of the intermediate unit based on 

45 a detection result of the outdoor temperature sensor. 

With this arrangement, the outdoor temperature 
can be detected by the outdoor temperature sensor, 
arxf therefore* it can be found how much the first air- 
cooling heat exchanger of the compressor unit is cooled 

so by the outside air, so that the cooling in the intermediate 
unit can be effectively performed in accordance with the 
cooling capacity of the compressor unit. 

In one embodiment, an outdoor fan for cooling the 
first air-cooling heat exchanger of the compressor unit is 

55 provided, and the controller has an outdoor unit air flow 
control section which controls air flow of the outdoor fan 
to the decreasing side based on detection result of the 
outdoor temperature sensor when the outside air tem- 
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perature is low and not higher than a temperature at 
which the refrigerating capacity starts to reduce. 

With this arrangement, the outdoor fan is controlled 
to the air flow decreasing side even when the compres- 
sor unit is sorted when the outside air temperature is s 
low and not higher than the temperature at which the 
refrigerating capacity starts to reduce. Therefore, the 
supercooling at the first air-cooling heat exchanger can 
be prevented, and consequently a temperature of oil of 
the compressor unit can be speedily increased to 10 
reduce viscosity of the oil by the operation of the com- 
pressor, thereby allowing a lubrication property in a 
starting stage to be improved. Therefore, the cryogenic 
refrigerating apparatus can be regularly operated even 
when the outside air temperature is low. so that a stable is 
operation can be achieved. 

In one embodiment, a first temperature sensor for 
detecting the temperature of the helium gas on an outlet 
side of the first air-cooling heat exchanger of the com- 
pressor unit and a second temperature sensor for 20 
detecting the temperature of the helium gas on an outlet 
side of the second air-cooling heat exchanger of the 
intermediate unit are provided, and the controller con- 
trols the air flow of the fan of the intermediate unit based 
on outputs of the first temperature sensor and the sec- 2S 
ond temperature sensor. 

With this arrangement, the compressed gas tem- 
perature can be more correctly detected, and this allows 
the cooling at the intermediate unit to be more effec- 
tively performed and allows the control to be performed 30 
so that the fluctuation range of the refrigerating capacity 
is further reduced. 

In one embodiment, a gas temperature sensor for 
detecting the temperature of the gas on an inlet side of 
the cryogenic expander is provided, and the controller 3S 
controls the air flow of the fan based on an output of the 
gas temperature sensor. 

With this arrangement, the temperature of the gas 
immediately before the supply of the gas to the cryo- 
genic expander can be detected. Therefore, more cor- 40 
rect temperature detection can be achieved, and a 
fluctuation range of the refrigerating capacity can be fur- 
ther reduced. Furthermore, by detecting the tempera- 
ture of the helium gas immediately before the supply of 
the gas to the cryogenic expander, a case where cool- 45 
ing is still insufficient in the second air-cooling heat 
exchanger can be detected. Therefore, the operating 
lives of the components inside the cryogenic expander 
, when they receive a bad influence from the heated gas 
can be decided, so that possible occurrence of damage so 
of the refrigerating apparatus by the heated gas can be 
detected beforehand, thereby allowing the refrigerating 
apparatus to be wholly protected by replacing each 
component or a similar measure. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a piping system of a 



cryogenic refrigerating apparatus according to a ' 

first embodiment of the present invention; 

Rg. 2 is a diagram showing a piping system of a 

cryogenic refrigerating apparatus according to a 

second embodiment of the present invention; 

Fig. 3 is a diagram showing a piping system of a 

cryogenic refrigerating apparatus according to a 

third embodiment of the present invention; 

Fig. 4 is a flowchart showing fan control in the first 

embodiment; 

Rg. 5 is a flowchart showing Ian control in the sec- 
ond embodiment; 

Fig. 6 is a flowchart showing fan control in the third 

embodiment; and 

Fig. 7 is a diagram showing a piping system of a 
prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The cryogenic refrigerating apparatus of the first 
embodiment shown in Fig. 1 has the same basic con- 
struction as that of the prior art shown in Fig. 7. There- 
fore, the same components are denoted by the same 
reference numerals, and no description is provided 
therefor. 

Connection of discharge side piping 21 to gas sup- 
ply piping 41 . connection of intake side piping 22 to gas 
return piping 42. connection of the gas supply piping 41 
to high-pressure side communication piping 51 and 
connection of the gas return piping 42 to low-pressure 
side communication piping 52 are achieved via connect- 
ing members 26. 27. 28 and 29, respectively. 

Although not shown, a second air-cooling heat 
exchanger 31 is provided with a cross fin coil comprised 
of a heat exchanging tube connected to the gas supply 
piping 41 and a fin. 

Further, the first air-cooling heat exchanger 12 is 
provided with an outdoor fan 14, thereby allowing 
helium gas to exchange heat with outside air to the full. 

Further, an orifice 23a is provided in communica- 
tion with oil injection piping 23, oil return piping 24 is 
connected at a specified oil surface height position of an 
oil separator 13. and an orifice 24a is provided in the 
middle of it 

Then, in a case where a compressor 1 1 of a com- 
pressor unit 101 is driven to operate a cryogenic 
expander 5 of the cryogenic refrigerating apparatus in 
the cryogenic refrigerating apparatus having the afore- 
mentioned construction, high-temperature helium gas 
discharged from the compressor 1 1 firstly exchanges 
heat with outside air in the first air-cooling heat 
exchanger 12 so as to be cooled. The helium gas which 
has discharged the greater part of heat outside a room 
through this cooling is further cooled by a second air- 
cooling heat exchanger 31 of an intermediate unit 103 
installed inside the room. By thus performing the cooling 
in two steps through the cooling with outside air and the 
cooling with indoor air, the helium gas can be cooled to 
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a temperature not higher than a specified temperature 
(32^C, for example) while suppressing the possible 
increase of the air conditioning load inside the room in 
which the expander 5 is installed. Further, with the 
arrangement that the intermediate unit 103 is provided 5 
separately from the compressor unit 101 so as to allow 
the compressor unit 101 to be installed outside the 
room, the problem of the operating noises can be 
avoided. 

In a case where the cooling was performed only by 10 
the compressor unit 1 01 , it was found that the refrigerat- 
ing capacity was almost stabilized when outdoor air 
temperature was in a range of ^2*'C to 32^0 and the 
refrigerating capacity started to reduce when the out- 
door air temperature became higher than atx)ut 32^*0 or is 
lower than about 12°C. Therefore, according to the first 
embodiment, the cryogenic refrigerating apparatus hav- 
ing the aforementioned construction is provided with a 
controller 6 including an intermediate unit air flow con- 
trol section 6a which controls the air flow of the fan 33 to 20 
the increasing side under the condition that the temper- 
ature of the gas supplied to the cryogenic expander 5 
becomes not lower than a temperature at which the 
refrigerating capacity starts to reduce (when the out- 
door air temperature is not lower than 32** C, for exam- 25 
pie) due to a temperature rise and controls the air flow 
of the fan 33 to the decreasing side under the condition 
that the temperature of the gas supplied to the cryo- 
genic expander 5 becomes lower than the temperature 
at which the refrigerating capacity starts to reduce due so 
to a temperature rise; and an outdoor unit air flow con- 
trol section 6b which controls the air flow of the outdoor 
fan 14 to the decreasing side when the outside air tem- 
perature is not higher than temperature at which the 
refrigerating capacity starts to reduce (when the outside 36 
air temperature is not higher than 12^6. for example). 

Although not shown, the controller 6 also executes 
start and stop control of the compressor 1 1 and switch- 
ing control of a valve motor of the expander 5 in addition 
to air flow control of the fans 14 and 33. 40 

Further, an outdoor temperature sensor 71 Is pro- 
vided on the downstream side of the outdoor fan 14 in 
the compressor unit 101, and a detection result of this 
outdoor temperature sensor 71 is transmitted to the 
controller 6. In addition, the outdoor fan 14 and the fan 45 
33 of the intermediate unit 103 are connected to the 
controller 6. and the air flow control including the start 
and stop of the fans 14 and 33 is executed by the con- 
troller 6. 

Next, the air flow control of the fans 14 and 33 by so 
the controller 6 in the first embodiment will be described 
with reference to the flowchart of Fig 4. It is now 
assumed that an outdoor temperature of 32^C at which 
the refrigerating capacity starts to reduce due to a gas 
temperature rise is a set temperature t1 and a low out- ss 
side air temperature of 12'*C at which refrigerating oper- 
ation is not stabilized is a set temperature t2. First, upon 
starting the operation of the cryogenic refrigerating 
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apparatus, a start command for the compressor unit 
101 is outputted from the controller 6 (Si), and in 
accordance with this start command, an outdoor tem- 
perature t is detected by the outdoor temperature sen- 
sor 71 (S2). When this outdoor temperature, or the 
detection temperature t is higher than the set tempera- 
ture t1 at which the refrigerating capacity starts to 
reduce due to a gas temperature rise, the fan 33 of the 
intermediate unit 103 starts to operate (S4) and the 
compressor 11 of the compressor unit 101 is started. 
Further, the temperature t is detected t^y the outdoor 
temperature sensor 71 . When this detection tempera- 
ture t still remains higher than the set temperature t1 
(32*'C). the air flow of the fan 33 of the intermediate unit 
103 is increased (S4). 

When the detection temperature t is lower than the 
set temperature t1, it is decided whether or not the 
detection temperature t is within a range of the set tem- 
perature t1 (32«C) to the set temperature t2 (1 2*0) (S5). 
When the detection temperature is in the range, the fan 
33 of the intermediate unit 103 is kept stopped immedi- 
ately after the start command. During the operation of 
the compressor 11. the air flow of the fan 33 is 
decreased or the fan 33 is stopped (SB). 

When the detection temperature t is out of the 
range of the set tenperature t1 to the set temperature t2 
and is lower than the set temperature t2 (S5. S7), the 
outdoor temperature is very low. Accordingly, the out- 
door fan 14 of the compressor unit 101 is stopped for a 
specified time (2 to 3 minutes, for example) for the sup- 
pression of the cooling of the first air-cooling heat 
exchanger 1 2 of the compressor unit 101 for a specified 
time and thereafter restarted (S8). 

As described above, the outdoor temperature 
detection is repeated as shown in the flowchart of Fig. 
4, and the detection temperature t is compared with the 
set tenperatures t1 and t2 every time it is detected, and 
the air flow control of the fan 33 of the intermediate unit 
103 and the outdoor fan 14 of the compressor unit 101 
is executed. 

In the first embodiment, by executing the control as 
described above, the air flow of the fan 33 of the inter- 
mediate unit 103 is increased to improve the cooling 
capacity of the second air-cooling heat exchanger 31 in 
the intermediate unit 103 when the outdoor temperature 
is high and the temperature of the gas supplied to the 
cryogenic expander 5 rises to a tenrrperature not lower 
than the temperature (t1) at which the refrigerating 
capacity starts to reduce. When the refrigerating capac- 
ity is stable (t2 < t < t1). the air flow of the fan 33 is not 
increased, so that the supercooling in the intermediate 
unit 103 can be prevented. 

Therefore, at a high outdoor temperature at which 
the refrigerating capacity reduces, the cooling capacity 
of the intermediate unit 103 with the fan 33 is improved, 
so that the decrease of the refrigerating capacity can be 
prevented. When the refrigerating capacity is stable, the 
air flow of the fan 33 is not increased, so that the super- 
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cooling in the intermediate unit 103 can be prevented. 
Consequently, the cooling in the intermediate unit 3 can 
be effectively performed in accordance with the cooling 
capadty of the compressor unit 101 depending on the 
outdoor temperature, so that the fluctuation range of the 5 
refrigerating capacity can be reduced as far as possible 
with respect to a wide range of change in outdoor tem- 
perature, thereby allowing a stable cooling operation to 
be performed. 

When sufficient cooling can be performed in the 10 
compressor unit 101 , the fen 33 of the intermediate unit 
103 can be stopped. Therefore, unnecessary operation 
can be eliminated, so that the operating life of the Ian 33 
can be made longer than in the conventional case, 
thereby allowing the maintenance frequency to be is 
reduced. 

Furthermore, the air flow of the outdoor fan 14 is 
controlled to the decreasing side when the outside air 
temperature is low to cause the outdoor temperature to 
be not higher than the temperature (t2) at which the 20 
refrigerating capacity starts to reduce. With this 
arrangement, the outdoor fan 14 is controlled to the air 
flow decreasing side even though the compressor unit 1 
is. started when the outside air temperature is low to 
cause the outdoor temperature to be not higher than the 25 
temperature (t2) at which the refrigerating capacity 
starts to reduce. Therefore, the supercooling in the first 
air-cooling heat exchanger 12 can be prevented and 
consequently the temperature of the oil inside the com- 
pressor unit 1 01 can be speedily increased to allow the 30 
viscosity of the oil to be reduced by the operation of the 
compressor 1 1 , so that the reduction of the refrigerating 
capacity can be prevented by improving the lubrication 
property in the starting stage. The cryogenic refrigerat- 
ing apparatus can be regularly operated even at a low 35 
outside air temperature, so that a stable operation can 
be achieved. 

Furthemiore. the outdoor temperature can be 
detected by the outdoor temperature sensor 71, with 
which it can be found how much the first air-cooling heat 40 
exchanger 12 in the compressor unit 101 is cooled by 
the outside air. so that the cooling in the intermediate 
unit 103 can be effectively performed in accordance 
with the cooling capacity of the compressor unit 101. 

A second embodiment of the present invention will 45 
be described next with reference to Figs. 2 and 5. It is to 
be noted that the same components as those of the first 
embodiment are denoted by the same reference numer- 
als and no description is provided therefor. In contrast to 
the first embodiment in which the outdoor temperature so 
is detected by the outdoor temperature sensor 71 , the 
secorxJ embodiment has a construction in which a first 
temperature sensor 72 is provided on the outlet side of 
the first air-cooling heat exchanger 12 of the compres- 
sor unit 201 and a second temperature sensor 73 is pro- ss 
vided on the outlet side of the second air-cooling heat 
exchanger 31 of an intermediate unit 203, and air flow 
control of the Ian 33 is executed by a controller 206 



based on detection results of these first temperature ' 
sensor 72 and second temperature sensor 73. This con- 
troller 206 includes a microcomputer and is provided 
with an intermediate unit air flow control section 206a 
and an outdoor unit air flow control section 206b 

Specifically, the first temperature sensor 72 is pro- 
vided for the discharge side piping 21 connected to the 
outlet side of the first air-cooling heat exchanger 12, the 
second temperature sensor 73 is provided for the gas 
supply piping 41 connected to the outlet side of the sec- 
ond air-cooling heat exchanger 31 , and a detection tem- 
perature A detected by the first temperature sensor 72 
and a detection temperature B detected by the second 
temperature sensor 73 are transmitted to the controller 
206. 

Air flow control of the fans 14 and 33 in the second 
embodiment will be described next with reference to the 
flowchart of Rg 5. It is now assumed that a set temper- 
ature difference t3 set on the basis of the gas tempera- 
ture of 12**C at which the refrigerating capacity starts to 
reduce when the outside air temperature is low and the 
gas temperature of 32*»C at which the refrigerating 
capacity starts to reduce due to a gas temperature rise 
is 20**C. First, a start command for the compressor unit 
201 is issued from the controller 206 upon starting the 
operation of the cryogenic refrigerating apparatus 
(S11), and in accordance with this start command, the 
outlet side temperatures A and B of the air-cooling heat 
exchangers 12 and 31 are detected by the first temper- 
ature sensor 72 and the second temperature sensor 73 
(SI 2). When a temperature difference (A - B) between 
these detection temperatures A arxJ B is smaller than 
the set temperature difference t3. meaning that suffi- 
dent cooling is not performed in the intermediate init 
203, the operation of the fan 33 of the intermediate unit 
203 is started (SI 4). Then, the compressor 11 of the 
compressor unit 201 is started (S22). Further, the tem- 
peratures are detected by the sensors 72 and 73 (SI 2). 
When the detection temperature difference (A - B) is still 
smaller than the set temperature difference t3 (813), the 
air flow of the fan 33 of the intermediate unit 203 Is 
increased (SI 4). 

When the detection temperature difference (A - B) 
is greater than the set temperature difference t3 (Si 3), 
meaning that sufficient cooling is performed in the inter- 
mediate unit 203, the fan 33 is stopped for the preven- 
tion of the supercooling of the intermediate unit 203 by 
the fan 33 in this case (81 5). 

When the detection temperature A on the outlet 
side of the first air-cooling heat exchanger 12 is higher 
than a set temperature t4 (60**C, for example) in spite of 
the fact that the detection temperature difference (A - B) 
is greater than the set temperature difference t3 (SI 6), 
it is decided that the cooling function of the first air-cool- 
ing heat exchanger 12 is reduced, and the air f tow of the 
outdoor fan 14 of the compressor unit 201 is increased 
(SI 7). It is further decided that the cross fin of the first 
air-cooling heat exchanger 12 is unclean, and a signal 
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representing the undeanness of the fin is outputted to a 

display device i.e. warning device 207 (S18) to issue a 
warning about the cleaning or the time of replacement 
of the first air-cooling heat exchanger 12. thereby allow- 
ing the refrigerating apparatus to be efficiently operated. 

When the detection temperature difference (A - B) 
is greater than the set temperature difference t3 (813) 
and when the detection temperature B on the outlet side 
of the second air-cooling heat exchanger 31 is higher 
than a set temperature t5 (38*'C, for example) (S19) in 
spite of the decision that the detection temperature A on 
the outlet side of the first air-cooling heat exchanger 1 2 
is lower than the set temperature t4 (60*^0) (SI 6). then 
it is decided that the cooling function of the second air- 
cooling heat exchanger 31 is reduced and the air flow of 
the fan 33 of the intermediate unit 203 is increased. It is 
further decided that the cross fin of the second air-cool- 
ing heat exchanger 31 is unclean, and a signal repre- 
senting the undeanness of the fin is outputted to the 
warning device 207 (S21) to issue a warning about the 
cleaning or the time of replacement of the second air- 
cooling heat exchanger 31 . thereby allowing the refrig- 
erating apparatus to be eff idently operated. 

As described above, in the second embodiment, 
the temperatures on the outlet side of the air-cooling 
heat exchangers 12 and 31 are detected by the first 
temperature sensor 72 and the second tenfiperature 
sensor 73. thereby detecting a more correct gas tem- 
perature, and further the cooling at the intermediate unit 
203 is controlled by the detected temperature differ- 
ence. Therefore, the cooling at the intermediate unit 203 
can be more efficiently performed, and the control can 
be executed so that the fluctuation range of the refriger- 
ating capacity can be further reduced. 

Furthermore, the temperatures on the outlet side of 
the air-cooling heat exchangers 12 and 31 are detected 
by the first temperature sensor 72 and the second tem- 
perature sensor 73, thereby confirming the cooling 
capadties of the first and second air-cooling heat 
exchangers 12 and 31. This arrangement enables a 
decision on the unclean states of the air-cooling heat 
exchangers 12 and 31, thereby allowing the refrigerat- 
ing apparatus to be more efficiently operated. 

A third embodiment of the present invention will be 
described next with reference to Fig. 3 and Fig. 6. In Fig. 
3, the same components as those of the first and sec- 
ond embodiments shown in Figs. 1 and 2 are denoted 
by the same reference numerals and no description is 
provided therefor. The ^ird embodiment has a con- 
struction in which a gas temperature sensor 74 for 
detecting the gas temperature on the inlet side of the 
cryogenic expander 5 is provided near the inlet of the 
cryogenic expander 5 at a high-pressure side communi- 
cation piping 51 connected to the cryogenic expander 5 
and the air flow of the fan 33 is controlled by a controller 
306 based on a temperature detection result of the gas 
temperature sensor 74. This controller 306 is comprised 
of a microcomputer and includes an intermediate unit 



air flow control section 306a and an outdoor unit air flow 
control section 306b, the controller executing control as 
shown in Rg. 6. 

Tlie air flow control of the fan 33 of the intermediate 

5 unit 303 of the third embodiment will be described 
based on the flowchart of Fig. 6. It is now assumed that 
the gas temperature of 32**C at which the refrigerating 
capacity starts to reduce due to a gas temperature rise 
is a set tenperature t1. Upon starting the operation of 

10 the cryogenic refrigerating apparatus, a start command 
for a compressor unit 301 is issued from the controller 
306 (S31), and in accordance with this start command, 
the temperature on the inlet side of the cryogenic 
expander 5 is first detected by the gas temperature sen- 

15 sor 74 (S32). When this detection temperature C is 
lower than the set temperature t1 (32°C) (S33), no cool- 
ing is required at the intermediate unit 303. Therefore, 
the fan 33 of the intermediate unit 303 is kept stopped 
(S34). and the compressor 1 1 and the outdoor fan 14 of 

20 the compressor unit 301 are started (840). 

When it is dedded that the detection temperature C 
is lower than the set temperature t1 (32''C) through the 
temperature detection by the gas temperature sensor 
74 in a case where the fan 33 of the intermediate unit 

25 303 is operated in a state in which the conipressor unit 
301 is operated, the fan 33 of the intermediate unit 303 
is stopped (834). 

When it is dedded that the detection temperature C 
on the inlet side of the cryogenic expander 5 is higher 

30 than the set temperature t1 (32*^0) (833). .the cooling 
capacity of the intermediate unit 303 is required to be 
increased. Therefore, the fan 33 of the intermediate unit 
303 is operated, thereby improving the cooling effect by 
virtue of the increase in airflow (835). 

35 In the third embodiment, when it is decided that the 
detection temperature C is within a range of the set tem- 
perature t1 to a set temperature t6 {3B^C, for example) 
In spite of the increase in air flow of the fan 33 at the 
Intermediate unit 303 (836). the capadty of the whole 

40 refrigerating apparatus starts to reduce, and inhalation 
of high-temperature gas into the cryogenic expander 5 
exerts a bad influence on its components. Therefore, in 
such a case, for the purpose of displaying the operating 
life of each component of the refrigerating apparatus, a 

45 display (first operating life display) for predicting the time 
of replacement of the components of the cryogenic 
expander 5 is displayed on a warning device 307 with, 
for example, a message that the operating time is 
exceeding 30.000 hours or the remaining operating time 

so based on the 30,000 hours (837). 

When it is dedded that the detection temperature C 
is in a range higher than the set temperature t6 (SS^'C. 
for example) and lower than a set temperature t7 (48**C. 
for example) (838), the operating life of the refrigerating 

55 apparatus is further reduced. Therefore, in such a case, 
for the purpose of displaying the tect tfiat the operating 
life of each component of the refrigerating apparatus is 
running short, a display (second operating life display) 
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for predicting the time of replacement of the conpo- 
nents of the cryogenic expander 5 is displayed on the 
warning device 307 with, for example, a message that 
the operating time is exceeding 15.000 hours or the 
remaining operating time based on the 15.000 hours s 
(S39). 

When it is decided that the detection temperature C 
becomes higher than the set temperature t7 (S38). 
meaning an emergency case, a warning signal is issued 
to the warning device 307 and the units 301 and 303 are io 
emergency-stopped. 

As described above, in the third emfcodiment. the 
temperature of the gas immediately before the supply 
thereof to the cryogenic expander 5 can be detected. 
Therefore, more conrect temperature detection can be is 
achieved, so that the fluctuation range of the refrigerat- 
ing capacity can be further reduced. Furthermore, by 
detecting the temperature of the gas immediately before 
the supply thereof to the cryogenic expander 5, a case 
where the gas temperature after the cooling in the sec- 20 
ond air-cooling heat exchanger 31 does not reduce 
below the set temperature t1 or a similar case can be 
detected. Therefore, the time of replacement of each 
component inside the cryogenic expander 5 when it 
receives a bad influence from the heated gas can be 2S 
decided, so that the possible occurrence of the damage 
of the refrigerating apparatus due to the heated gas is 
detected beforehand, thereby allowing the refrigerating 
apparatus to be protected by replacing each component 
or a similar measure. 3c? 

Although the gas temperature is detected on the 
inlet side of the cryogenic expander 5 in the third 
embodiment, it is acceptable to detect the temperature 
on the outlet side of the cryogenic expander 5. 

35 

INDUSTRIAL APPLICABILITY 

The cryogenic refrigerating apparatus of this inven- 
tion Is used for superconducting devices, semiconduc- 
tor manufacturing equipment, communication devices 4o 
and so forth. 

Claims 

1. A cryogenic refrigerating apparatus comprising: a 45 
compressor unit (101, 201, 301) which is installed 
outside a room and has a compressor (11) and a 
first air-cooling heat exchanger (12) provided in 
communication with a discharge side piping (21) of 
the compressor (11); an intermediate unit (103. so 
203, 303) which is installed inside the room and has 
a gas supply piping (41) connected to the discharge 
side piping (21) of the compressor (1 1) and a sec- 
ond air-cooling heat exchanger (31) which is pro- 
vided in communication with the gas supply piping ss 
(41) and cools helium gas through heat exchange 
with indoor air; and a cryogenic expander (5) con- 
nected to the gas supply piping (41); and character- 



ized by conprising: 

a fan (33) for cooling the second air-cooling 
heat exchanger (31) of the intermediate unit 
(103.203. 303); and 

a controller (6. 206. 306) having an intermedi- 
ate unit air flow control section (6a, 206a, 306a) 
which controls air flow of the fan (33) to an 
increasing side under a condition that a tem- 
perature of gas supplied io the ciyogenic 
expander (5) is not lower than a temperature at 
which a refrigerating capacity starts to reduce 
due to a temperature rise and controls the air 
flow of the fan (33) to a decreasing side under 
a condition that the temperature of the gas sup- 
plied to the cryogenic expander (5) is lower 
than the temperature at which the refrigerating 
capacity starts to reduce due to the tempera- 
ture rise. 

2. A cryogenic refrigerating apparatus as claimed in 
Claim 1, wherein an outdoor temperature sensor 
(71) is provided outside the room and the controller 
(6) controls the air flow of the fan (33) of the inter- 
mediate unit (103) based on a detection result of 
the outdoor temperature sensor (71). 

3. A cryogenic refrigerating apparatus as claimed in 
Claim 2, wherein an outdoor fan (14) for cooling the 
first air-cooling heat exchanger (12) of the com- 
pressor unit (1) is provided, and the controller (6) 
has an outdoor unit air flow control section (6b) 
which controls air flow of the outdoor fan (14) to a 
decreasing side based on detection result of the 
outdoor temperature sensor (71) when an outside 
air temperature is low and not higher than a temper- 
ature at which the refrigerating capacity starts to 
reduce. 

4. A cryogenic refrigerating apparatus as claimed in 
Claim 1, wherein 

a first temperature sensor (72) for detecting the 
temperature of the helium gas on an outlet side 
of the first air-cooling heat exchanger (12) of 
the compressor unit (201) and a second tem- 
perature sensor (73) for detecting the tempera- 
ture of the helium gas on an outlet side of the 
second air-cooling heat exchanger (31) of the 
intermediate unit (203) are provided, and the 
controller (206) controls the air flow of the fan 
(33) of the intermediate unit (203) based on 
outputs of the first temperature sensor (72) and 
the second temperature sensor (73). 

5. A cryogenic refrigerating apparatus as claimed in 
Claim 1. wherein 
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a gas temperature sensor (74) for detecting the 
temperature of the gas on an inlet side of the 
cryogenic expander (5) is provided, and the 
controller (306) controls the air flow of the fan 
(33) based on an output of the gas temperature 5 
sensor (74). 
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